The chemical structures of the ABH and Lewis antigens have been determined with water-soluble blood-group substances isolated from secretions (ovarian-cyst mucin, gastric mucin). These studies have involved the use of a large variety of antibodies, lectins and transferases, and have yielded much information as to the specific requirements of the binding site of these reagents (Ginsburg, 1972; Watkins, 1972; Kabat, 1976) . Still there remain many things to be explained. In the H substances many of the anti-H reagents cannot distinguish between type 1 and type 2 structures, although at least one reagent, the goat anti-H serum, is specific for the type 1 determinants and does not bind to type 2 determinants (Lloyd et al., 1966; Marcus & Cass, 1967) . In some of the anti-Le/Le systems the type 1 and type 2 structures have similar activities, although the Lewis determinant is generally considered to be confined to type 1 structures alone (Rovis et al., 1973). Further, the molecular basis for the existence of two A serotypes, A, and A,, and the reasons that such subgroups do not exist for the B antigen have yet to be understood (Cook & Stoddart, 1973) .
Our earlier results on milk oligosaccharides have clearly revealed that, besides the nature of the sugar residues, the overall shape of the oligosaccharide fragment is also important (Biswas & Rao, 1980) . Hence the preferred conformations of the blood-group oligosaccharides have been computed by theoretical methods in an attempt to explain their observed binding specificities to the various antibodies, lectins and enzymes.
Method of calculation
The potential energy of the molecules was computed with consideration of non-bonded, electrostatic and torsional contributions. The form of the functions and the constants used are the same as used previously (Biswas & Rao, 1980) .
Because of the possibility of restricted rotations of the sugar residues about the inter-unit glycosidic bonds, these oligosaccharide chains can assume many different conformations. These conformations are generally specified by the dihedral angles # and I + I with reference to a standard conformation. The starting conformation is defined such that, when # is equal to zero, the H,l)-C(,) bond is cis to the 0-C,, bond and when y i s equal to zero the C,,)-O bond is cis to the &(,)--H(,) bond (xis 2 in the case of 1-2-linked residues, 3 in the case of 1-3-linked residues etc.). A clockwise rotation is taken as positive. In the present study the D-sugars are assumed to be in the 4Cl conformation and the t-sugar in the 'C, conformation.
Results and discussion
The most favoured conformations for the H and Lewis determinants are shown in Figs. 1 and 2. For the H substance ( Fig. 1) both the trisaccharide fragments, Fuca( 1-2)GaIp( 1-3)GlcNac and Fuca( 1-2)GaI/3( 14)GlcNAc, assume similar conformations suggesting that the difference in the linkage in type 1 and 2 structures does not affect the overall shape. The main difference between the preferred conformations in the two fragments is in the orientation of the side groups on the N-acetylglucosamine residue, the acetamido group and the hydroxymethyl groups interchanging their positions. On the 596th MEETING, LANCASTER other hand there is a significant difference in the overall shape of the type 1 and type 2 structures if the tetrasaccharide fragments, Fuca( 1-2)Gal/?( 1-3)GlcNAc/?( 1-3)Gal and Fuca( 1-2)-G a v ( 1-4)GlcNac/?( 1-6)Gal, are considered (Fig. 1) .
In the case of the Lea determinants also the overall shape of the terminal trisaccharide fragments, Gav(1-3)GlcNAc and Gala( 1-4)GlcNAc, 4 3 Fucal Fucal is similar in both type 1 and type 2 structures (Fig. 2) . The addition of one more focuse residue to the Lea trisaccharides to obtain the L e b tetrasaccharide fragments, Fuca( 1-2)Gal/?( 1-3)GlcNAc 4 Fucal and Fuca( 1-2)Gal/?( 14)GlcNAc, 3 Fucal does not alter the preferred conformation of the 'core' structure. Even for the Leb tetrasaccharides (shown above) the type 1 and type 2 differences do not affect their overall shape (Fig. 2) . As with the H determinants, the differences in overall shape between the type 1 and type 2 structures (Fig. 2 ) become significant only when the residue next to GlcNAc at the reducing end is considered.
In experiments with human, rabbit and UIex lectin anti-H reagents, the H type 1 and H type 2 determinants exhibit almost equal activities. On the other hand, a goat anti-H serum has a strong specificity for H type 1 determinants (Marcus & Cass, 1967) . As mentioned above, in the terminal trisaccharide fragments of the H determinants, the difference in the linkage between type 1 and type 2 fragments does not affect the overall shape significantly. The fact that some anti-H reagents cannot 0
Fig. 2. Projections of the Lewis determinants (a) type 1 and (b)
type 2 in minimum energy conformations The fucose residue shown below the dashed line is absent from Lea structures and present in Leb structures. Symbols are as given in Fig. 1 . distinguish between the type 1 and type 2 H determinants suggests that the binding site of these reagents accommodates, at the most, a trisaccharide fragment. Since differences in the overall shape of the H determinants are significant only when a larger fragment is considered, it would appear that the goat anti-H serum, which is highly specific for the H type 1 determinant, has a larger binding site that accommodates four or more residues. Similarly the lectins, which can distinguish between the two types of H determinants (Kabat, 1978) , have large binding sites that can accommodate, at least, the tetrasaccharide fragment.
The Lea antigen is normally considered to be of type 1 only, but, as can be seen from Fig. 2 , no clear distinction can be made between the type 1 and type 2 structures if the terminal trisaccharide fragment alone is considered. Although there is no experimental evidence on the trisaccharide fragments alone, studies on larger fragments show large differences in activity between type 1 and type 2 structures. In the goat anti-Lea/Lea system the Lea type 1 tetrasaccharide fragment, Gal/?( 1-3)GlcNAc/?( 1-3)Gal, 4 Fucal is the best inhibitor of the precipitation reaction whereas the Lea type 2 structure, Gal/?( 14)GlcNAc/?( 1-6)Gal, 3 Fucal is inactive (Rovis et al., 1973) . This suggests that the goat anti-Lea antibody should accommodate, at least, four sugar residues in its binding site. The fucosyltransferases can clearly distinguish between the type 1 and type 2 determinants (Lloyd & Kabat, 1968) . These enzymes therefore must possess a binding site that includes, at least, one or more residues beyond the N-acetylglucosamine residue at the reducing end or are sensitive to local changes.
A goat anti-Leb is clearly unable to distinguish between the type 1 and type 2 Leb determinants, whereas the Lotus tetragonolobus lectin is highly specific for the type 2 determinant (Rovis et al., 1973) . Since in the tetrasaccharide fragments, Fuca( 1-2)GaI/?( 1-3)GlcNAc 4 Fucal and Fuc a( 1 -2)Gal/?( 1 -4)GlcN Ac , 3 Fucal the differences in linkage do not affect the overall shape significantly, the goat anti-Leb serum must have a binding site that can accommodate the above fragment or smaller than this. On the other hand, the Lotus tetragonolobus lectin, which can distinguish between the two types, must necessarily have a larger binding site, including at least one residue joined to the reducing end of the N-acetylglucosamine residue. In fact, there is ample evidence that, in this case, the /?(1-6)-link is important for activity (Rovis et al., 1973) .
There has been much speculation as to the chemical nature of the A, and A, determinants. Since there is no evidence that the amount of fucose varies between the two serotypes, the other alternative considered was the differences between type I and type 2 structures. Since the differences between type 1 and type 2 becomes significant only when residues beyond the Nacetylglucosamine residue at the reducing end are considered, a larger binding site for the A antibodies is necessary. The difference in the non-reducing ends of A, and A, may lead also to differences in the binding site. The VOl. 9 observed suggests fact that such differences in the B determinant have not been that the B antibody has a binding site that can accommodate the terminal tetrasaccharide fragments:
Gala( 1-3)Gal/3( 1-3)GlcNAc 2 Fucal and Gala( I -3)Galfll-4)GlcNAc. 2 Fucal Thus the present studies indicate that the differences between type 1 and type 2 structures become significant if the binding site of the antibody, lectin or enzyme is large, and the distinction between small and large binding sites can be made depending on whether the binding site accommodates sugar residues of the determinants up to the N-acetylglucosamine residue or beyond.
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